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IE3PROVED PROCESS FOR THE 
TRANSAIJCYLATION OF POLYALKYLBENZENES 
This invention relates to a process for the 
conversion of a feed comprising polyalkylbenzenes, 
preferably of a feed comprising benzene and 
polyalkylbenzenes, in a transalkylation reactor to 
monoalkylbenzenes in the presence of a catalyst. 
More particularly, this invention relates to an 
improved process for the conversion of a feed 
comprising benzene and polyalkylbenzenes to 
monoalkylbenzenes wherein said improved conversion is 
accomplished using a feed having a low benzene to 
alkyl groups ratio. 

Although the particular applications of current 
commercial interest are the conversion of a feed of 
diethylbenzenes and polyethylbenzenes and excess 
benzene to ethylbenzene (raw material for styrene), 
and the conversion of a feed of diisopropylbenzene 
and polyisopropylbenzene to produce cumene (raw 
material for phenol), the teachings of this invention 
are valid also for similar reactions in which the 
alkyl group or groups contain one, or more than 
three, carbon atoms. 
J The reacting of a feed comprising benzene and 

polyalkylbenzenes in a transalkylation reactor, in 
the presence of a catalyst (e.g. a zeolite catalyst), 
to form monoalkylbenzenes is well known in the art. 
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U.S. Patent Nos. 3,772,398 and 3,776,971 disclose the 

alkylation of benzene with olefins in the presence of 

a zeolite catalyst and also in the presence of i 

recycled polyalkylbenzene products- In these 

patents, transalkylation of the polyalkylbenzenes 

occurs simultaneously with the alkylation of the 

benzene rings by the olefin. 

U.S. Patent No. 4,169,111 discloses 
transalkylation of polyalkylbenzenes in a fixed bed 
of an acidic zeolite catalyst. The ratio of benzene 
to diethylbenzene which is fed to the reactor is 
approximately 100:1. The catalyst is able to 
maintain its activity for a long period of time. 

The use of a feed of benzene and 
polyalkylbenzenes having a high ratio of benzene to 
polyalkylbenzene of, for example, 100:1, requires 
very large reactor sizes and large product recovery 
systems. Although it has been found that the ratio 
of benzene to alkyl groups in a transalkylation feed 
can be reduced to ratios of about 20:1 to 40:1 
without reducing catalyst life, the operating costs 
for commercial scale plants in many cases remains 
unacceptable. 

Applicants' invention relates to an improvement 
in a process for the transalkylation of a feed 
comprising at least one polyalkylbenzene in a reactor 
in the presence of a transalkylation catalyst to 
produce at least one monoalkylbenzene. The 
improvement comprises transalkylating said at least 
one polyalkylbenzene in the presence of hydrogen gas. 
The said at least one polyalkylbenzene may comprise 
diisopropylbenzene and/or triisopropylbenzene, or £ 
polyethylbenzene. In a preferred embodiment, the 
feed further comprises benzene. The said at least 
one monoalkylbenzene may be cumene or ethylbenzene . 
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The transalkylation catalyst preferably is a zeolite 
catalyst. 

The hydrogen gas may be introduced to the 
reactor at a molar ratio of hydrogen to alkyl groups 
of from about 1:10 to about 1:1, preferably at about 
1:3. The transalkylation may be performed in either 
the liquid, vapor, or mixed phases. In a preferred 
embodiment, the alkyl groups contained in each side 
chain alkyl group of the polyalkylbenzenes have from 
1 to 12 carbon atoms. 

The process of the present invention has the 
advantage of longer catalyst life with the need for 
less frequent regenerations, and higher weight hourly 
space velocities (WHSV's) for a given catalytic 
conversion. Weight hourly space velocity is defined 
as the weight of liquid feed passed per hour per unit 
weight of the catalyst bed. The units are 1/hours 
(h" 1 ). In addition, when the feed to the 
transalkylation reactor comprises benzene and at 
least one polyalkylbenzene, it has been found that 
the molar ratio of benzene rings to alkyl groups in 
the feed can be reduced for example to about 8:1, 
without decreasing the life of the catalyst. In 
accordance with the present invention, the molar 
ratio of benzene rings to alkyl groups may be from 
about 4:1 to about 20:1, more preferably from about 
6:1 to about 10:1. 

The invention will now be described with respect 

to the drawing wherein: 

The drawing is a schematic of an embodiment of a 
transalkylation process in accordance with the 
present invention. 

Referring now to the drawing, benzene and an 
olefin are fed to alkylator 10 through line 12. The 
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olefin is passed through, line 13 to line 12 where it 
is combined with benzene. 

In the embodiment shown, the olefin and the y 
benzene are reacted in alkylator 10, which has two 
stages 14 and 15, to form a product comprising at 
least one monoalkylbenzene. In each stage 14 and 15 
is a bed of zeolite catalyst. Although two stages 
are shown, alkylator 10 may contain any number of 
stages and the catalyst beds may be either fixed beds 
or moving beds. The olefin which is fed to alkylator 
10 may be any olefin. Specific examples of olefins 
which may be used include ethylene and propylene, 
which may be reacted with benzene in alkylator 10 to 
produce a desired ethylbenzene or cumene product, 
respectively. 

Catalytic conversion conditions for alkylation 
of benzene with olefin in stages 14 and 15 of 
alkylator 10 may be carried out at an outlet 
temperature of from about 150° to about 900°F, 
preferably from about 200° to about 550°F, at a 
pressure of from about 150 psig to about 2,000 psig, 
preferably from about 250 psig to about 1,000 psig, 
and at a total LHSV from about 2 to about 1,000 h" 1 
preferably from about 4 to about 100 h" 1 . 

The effluent from stage 15 of alkylator 10 is 
then passed through line 16 to benzene column 20. In 
benzene column 20, benzene is distilled off through 
line 22, whereas a bottoms fraction is withdrawn 
through line 24, and passed to monoalkylbenzene 
column 28. 

A portion of the benzene in line 22 is diverted 
from line 22 to line 38, and passed to trans alkylator ? 
42. The remaining benzene in line 22 is passed to 
line 11 as recycle benzene which is passed to line 
12, whereby a mixture of fresh and recycle benzene 
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may be passed, along with olefin to alkylator 10 . As 
an alternative (not shown), the recycle benzene may 
be purified of light and heavy ends before 
re-entering alkylator 10. 

A monoalkylbenzene distillate is distilled off 
through line 29 from monoalkylbenzene column 28. The 
monoalkylbenzene distillate may consist of 
ethylbenzene, cumene, or any other monoalkylbenzene 
distillate product depending upon the olefin which is 
fed to alkylator 10. 

A bottoms fraction is withdrawn from 
monoalkylbenzene column 28 through line 30 and enters 
polyalkylbenzene column 34. In polyalkylbenzene 
column 34, polyalkylbenzenes are distilled o£f and 
withdrawn through line 35. The polyalkylbenzene 
distillate may, for example, be polyethylbenzenes , 
diisopropylbenzene, triisopropylbenzene , or a mixture 
of diisopropylbenzene and triisopropylbenzene. The 
polyalkylbenzenes distilled off depend upon the 
olefin which is reacted in the alkylator 10. Heavy 
ends are withdrawn through line 39. The heavy ends 
may comprise, for example, one or more 
diphenylalkanes, which if desired may be processed 
further . 

The polyalkylbenzenes in line 35 are passed to 
line 38, whereby the polyalkylbenzenes are combined 
with benzene in line 38, and the mixture of benzene 
and polyalkylbenzenes is passed through line 40 to 
transalkylator 42. 

Prior to entering transalkylator 42, a stream of 
hydrogen gas from line 41 is passed into line 38 in 
order to be co-fed with the mixture of benzene and 
polyalkylbenzenes being introduced into 
transalkylator 42. As an alternative (not shown), 
the hydrogen gas may be passed from line 41 directly 
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to transalkylator 42, wherein the hydrogen gas is 
co-fed into transalkylator 42 with the mixture of 
benzene and polyalkylbenzenes being introduced from 
line 38. The hydrogen gas is co-fed with the mixture 
of benzene and polyalkylbenzenes into transalkylator 
42 at a molar ratio of hydrogen to alkyl groups of 
from about 1:10 to about 1:1, preferably at about 
1:3. The molar ratio of benzene to alkyl groups in 
the feed is from about 4:1 to about 20:1, preferably 
from about 6:1 to about 10:1. The addition of 
hydrogen gas to the mixture of benzene and 
polyalkylbenzenes enables one to use a feed of 
benzene and polyalkylbenzenes having a lower benzene 
to alkyl groups ratio, to use a smaller 
transalkylation reactor and recovery system, and to 
maintain a longer catalyst life with fewer 
regenerations of the catalyst. 

In transalkylator 42, the mixture of benzene and 
polyalkylbenzenes are reacted in the presence of a 
catalyst, preferably a zeolite catalyst, to form a 
product comprising monoalkylbenzenes . The catalyst 
bed may be a fixed bed or a moving bed. 
Transalkylation conditions may be at a temperature of 
from about 150°F to about 900°F, preferably from 
about 300°F to about 550°F, at a pressure of from 
about 150 to about 2,000 psig, preferably from about 
250 psig of about 1,000 psig and at a total WHSV of 
from about 1 to 1,000 preferably from about 2 to 
about 100. The transalkylation may take place in 
either the liquid, vapor, or mixed phases. 

The monoalkylbenzenes produced by the 
transalkylation reaction depend upon the 
polyalkylbenzenes which are fed to transalkylator 42. 
When diisopropylbenzene and/or triisopropylbenzene 
is fed to transalkylator 42, cumene may be the 
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monoalky lbenzene product. When polyethylbenzenes are 
fed to transalkylator 42, ethylbenzene is the 
monoalkylbenzene product. In preferred embodiments . 
the alkyl groups of the polyalkylbenzenes fed to 
transalkylator 42 have from 1 to 12 carbon atoms. 

It is also to be understood that the feed to 
transalkylator 42 does not have to consist 
exclusively of benzenes distilled off from benzene 
column 20, polyalky lbenzenes distilled off from 
poly alky lbenzene column 34, and hydrogen gas. The 
feed may also include other aromatic and aliphatic 
compounds from other sources. For example, heavy 
ends such as diphenylalkanes, withdrawn from 
polyalky lbenzene column 34 through line 39, may be 
sent to a diphenylalkane converter (not shown) to 
produce benzene and/or lighter aromatics. These 
products may be combined with the benzene distilled 
off from benzene column 20 and the polyalkylbenzenes 
distilled off from polyalkylbenzene column 34. as 
well as the hydrogen gas, and introduced into 
transalkylator 42. 

After the transalkylation reaction has taken 
place, the effluent, which contains a 
monoalkylbenzene product, is withdrawn through line 
43, and may be passed to benzene column 20 for 
further distillation, wherein the monoalkylbenzene 
product will eventually be withdrawn from 
monoalkylbenzene column 28 through line 29. It is 
also to be understood that the transalkylation 
process of the present invention is not to be limited 
to the distillation apparatus shown in the drawing. 
For example, fresh benzene and fresh 
polyalkylbenzenes may be co-fed with hydrogen gas 
directly to a transalkylator, with effluent being 
processed for recovery of monoalky lbenzenes . 
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In an alternative embodiment (not shown) , a feed 
of polyalkylbenzenes may be fed to what is known as 
an "integral" transalkylator, wherein the feed of 
polyalkylbenzenes are co-fed to the transalkylator 
with an effluent from an alkylation reactor which may 
comprise benzene, monoalkylbenzene, and 
polyalkylbenzenes. In this embodiment, a stream of 
hydrogen gas may be co-fed with the polyalkylbenzenes 
and the effluent from the alkylation reactor to 
"integral" transalkylator in the same manner as in 
the alky 1 at ion-distillation- trans alkylation apparatus 

shown in the drawing - 

The following example will illustrate the 
improved results obtained by employing the 
transalkylation process of the present invention; 
however, the scope of the invention is not intended 
to be limited thereby. 

Example 1 

This example describes a transalkylation process 
outside the scope of the present invention. 

A mixture of diisopropylbenzene and benzene 
consisting of 88.9% benzene, 0.6% cumene, 10.3% of 
diisopropylbenzene (DIPB) isomers, 0,2% of 
triisopropylbenzenes (TIPB) and small amounts of 
other aromatic and aliphatic compounds was passed 
through a transalkylation reactor having an internal 
diameter of 1/2 inch, and containing a zeolite 
catalyst at a WHSV of 4 hr" 1 , and a pressure of 500 
psig. The feed has an overall molar ratio of benzene 
rings to propyl groups, B/P, of 8.9. 

The catalyst activity measured by the conversion 
of DIPB is given as a function of time on stream 
since the start of the test. The catalyst life under 
the conditions, as shown in Table 1 below, was 
between 250 and 300 hours. 
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Tabl 1 

Time (hrs) R actor Temperature DIPB Conversion 

°C Mole % 

24 188 29.6 

48 .179 25.4 
78 181 25.0 

150 179 22.3 

174 177 18-3 

198 179 22.9 

246 176 22.0 

318 178 4.8 

Example 2 

This example describes a transalkylation process 
in accordance with the present invention. 

The transalkylation reactor described in Example 
1 was fed with a mixture of 11% p-diisopropylbenzene 
in benzene, which has a molar ratio of benzene to 
isopropyl groups of 8.9. Concomitantly with this 
liquid feed, a stream of hydrogen gas was introduced 
in order to achieve a molar ratio of hydrogen to 
isopropyl groups of 1:3. The results of the 
transalkylation reaction are listed in Table 2 below. 

Table 2 

Time (hrs) 1 2 31 220 320 390 480 560 

Reaction Temp. 

(°C) 179 179 180 190 190 190 190 190 

Total Pressure 

psig 305 310 471 496 497 507 522 530 

Effluent Composition 
Weight, % 

-DIPB's 2.0 1.9 1.3 1.8 2.2 2.2 2.3 2.2 

-Cumene 12.2 15.7 15.7 14.3 14.3 13.9 13.6 13.3 

Conversion of DIPB'S 

(mole%) 82.2 85.0 89.6 84.5 81.7 81.7 80.7 80.2 

Selectivity of 
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Cumene (mole%) 89.86.9 98.7 98.0 97.2 96.7 96.5 96. 

The balance of the effluent composition is 
benzene. Conversion of DIFB's and the selectivity of 
cumene are calculated on the basis of the isopropyl 
groups which reacted among benzene rings. 

The results of Example 2 show that the process 
of the present invention gives improved conversion of 
polyalkylbenzenes to mono alky lbenzenes and increased 
catalyst life. 

It is to be understood, however, that the 
transalkylation process of the present invention is 
not to be limited to the specific embodiments 
described above. The invention may be practiced 
other than as particularly described and still be 
within the scope of the accompanying claims. 
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WHAT IS CLAIMED IS: 

1. In a proc ss for the transalkylation of a 
feed comprising at least one polyalkylbenzene in a 
reactor in the presence of a transalkylation catalyst 
to produce at least one monoalkylbenzene, the 
improvement comprising: 

transalkylating said feed comprising said at 
least one polyalkylbenzene in the presence of 

hydrogen gas. 

2. The process of Claim 1 wherein said feed 
further comprises benzene. 

3. The process of Claim 1 wherein said at 
least one polyalkylbenzene comprises 

dii sopropylbenzene . 

4. The process of Claim 3 wherein said at 
least one polyalkylbenzene further comprises 
trii sopropylbenzene . 

5. The process of Claim 1 wherein said at 
least one monoalkylbenzene is cumene. 

6. The process of Claim 1 wherein said at 
least one polyalkylbenzene comprises at least one 
polyethylbenzene . 

7 . The process of Claim 1 wherein said at 
least one monoalkylbenzene comprises ethylbenzene . 

8. The process of Claim 1 wherein said 
transalkylation catalyst is a zeolite catalyst. 

9. The process of claim 1 wherein said 
hydrogen gas is introduced to said reactor at a molar 
ratio of hydrogen to alkyl groups of from about 1:10 
to about 1:1. 

10. The process of claim 9 wherein said 
hydrogen gas is introduced into said reactor at a 
molar ratio of hydrogen to alkyl groups of about 1:3. 

11. The process of Claim 1 wherein the molar 
ratio of benzene to alkyl groups of said 
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polyalkylbenzenes in said feed is from about 4:1 to 
about 20:1. 

12. The process of Claim 11 wherein the molar 
ratio of benzene to alkyl gropus of said 
polyalkylbenzenes in said feed is from about 6:1 to 
about 10:1. 
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